bidity and the additional risk factors related to them contribute to a high risk of operative and postoperative complications. The main objective of the physiotherapy after abdominal surgery is to prevent and treat the postoperative complications and functional disorders resulting from the elective operation.
To sustain exercise tolerance, an endurance exercise, in the form of walking treatment which is adjusted to a patient's speed with heart rate monitoring, is being introduced before and after the operation [3] [4] [5] . The basic exercise in physical training after surgical procedures is walking, followed by climbing up and down stairs at the end of the hospital stay [3] . The training program may be executed in continuous or intermittent forms. Intermittent exercise forms are recommended for people with low or average exercise tolerance, with decreased muscular strength and endurance, with intermittent claudication or coexisting reduced respiratory capacity [6, 7] .
Some authors have compared the physiological reaction of forward and backward walking exercise tests in studies on a treadmill. It has been noted that the values of maximal minute oxygen consumption (VO 2max ), minute ventilation (V E ), heart rate (HR), respiration equivalent (RQ), and post-exertional concentration of blood lactate levels are statistically significantly higher during backward than forward walking. Authors of the studies conclude that this type of endurance exertion elicits positive cardiopulmonary reactions sufficient to achieve positive training results [8, 9, 23, 25] . On the basis of the literature review, backward walking is used in physiotherapy at orthopedics, neurology, geriatrics and sport medicine departments [8] [9] [10] [11] [12] [13] .
The general purpose of the present study was to evaluate physical training efficacy with the use of ventilation rate and 6-min corridor walking test results in patients after abdominal aortic aneurysm surgery with special emphasis on backward walking as a specific form of physical training for exercise tolerance.
Material and Methods
The 2-year study was conducted at the General and Vascular Surgery Department of the Medical University of Silesia at Clinical Hospital No. 7 of Silesian Medical University in Katowice -Ochojec. Prior to the study, the study protocol was approved by the Bioethics Committee of the School of Physical Education in Katowice. In the study period, 170 patients underwent abdominal aorta surgery. One hundred and seventy patients were operated on with the use of the classic surgical method under general anesthesia when an abdominal aneurysm was resected and vascular prosthesis was implanted.
The enrollment of patients with abdominal aortic aneurysm to the study was carried out on the basis of purposeful selection. Patients with abdominal aortic aneurysm were qualified to the study when fulfilling the following inclusion criteria: males, aged 65-75 years (Table 1) , stable cardiological status, absence of neurological disorders, non-symptomatic aneurysm -non-ruptured, no pain complaints, no motor system impairment. We excluded patients with neurological disorders, unstable coronary heart disease, symptomatic aortic aneurysm, aortic dissection, having difficulty in locomotion, and not able to start physical training during the first or second day after surgery, patients with psychiatric diseases, lack of patient's compliance with the physiotherapist, and other medical contraindications. Finally, 65 patients fulfilled the inclusion criteria and were enrolled in the study.
The randomization of the study was conducted by drawing envelopes containing a number of the appropriate group -single blind study. Patients with the number 1 were qualified for the experimental group with backward walking training (group I), with number 2 for the experimental group with forward walking training (group II) and 3 for the control group.
Seventeen people were excluded from the study during the postoperative period due to cardiac complications or disorders preventing their participation in march training and physical exercise. Patients enrolled in the study were classified as having New York Heart Association (NYHA) Functional Classification class I or II.
Co-morbidity in patients with abdominal aortic aneurysm in the three study groups was similar. In the control group, three patients had a history of myocardial infarction, while in experimental group 1 there was one patient and in experimental group 2, two patients.
The study performed on healthy people confirms the increase of heart rate, minute pulmonary ventilation and maximal minute oxygen consumption during backward walking. The intention of using backward walking training in patients with abdominal aortic aneurysm was to establish whether this specific form of physical activity is sufficient for maintaining the level of exertional tolerance after surgery. A basic physiotherapy program was provided to all three groups. It consisted of education, including a range of exercises performed after the surgery, respiration, circulatory (antithrombotic) and active exercises of the upper and lower extremities in a recumbent position, and education on the proper motion patterns of sitting and getting up with postoperative wound stabilization. During that period, general conditioning exercises of low intensity were applied.
After the surgery, patients in all groups performed the "skilled" exercises mentioned above, which were conducted under heart-rate and blood pressure monitoring. The exercise programs before the surgery were conducted three times daily. After surgery, the patients were supplied with an abdominal belt to stabilize the postoperative site. During the first three days after surgery, the physical exercises were performed every 2 h. During the rest of the days, the exercises were conducted less frequently. For patient safety, the program was supervised by a cardiologist.
In the two experimental groups, the basic exercise program was extended to include forward walking in group 2 and backward walking in group 1. Forward walking training in both groups was conducted on an interval training cycle. The intensity of the training was calculated based on the results of an exercise stress test, a 6-min walk test, which made it possible to individualize the training workload. A training heart rate for each patient was calculated by adding 50% of the Heart Rate Reserve (Fig. 1) [14] . In patients in the control group, walking exercises of low intensity were performed. The physiotherapy program for all the groups as well as the interval training program for the experimental groups were conducted by physiotherapists working at the surgical department for at least 10 years.
The applied interval endurance training was indicated in patients with abdominal aortic aneurysm with regard to the type of disease and many existing co-morbidities, which decrease exercise tolerance. The frequency and exercise duration in the pre-and postoperative period were the same in experimental group 2 with forward walking training and in experimental group 1 with backward walking training.
In both experimental groups, the training was conducted in a hospital corridor, with constant heart-rate monitoring with the use of a CA-SIO CHR-100 pulse oximeter, and safety measures were applied to prevent the patients from falling. During the training, patients wore abdominal belts securing the postoperative site. Every day, before starting physical exercise, the current health status of every participating patient was consulted with a cardiologist, to exclude possible current contraindications to exercise. Workload increase during the training proceeded gradually. After every minute of exercise, a 1-min break followed, and the heart rate and its regularity were checked. The heart-rate limit (training heart rate), was established at the level of 120 beats per min.
The physical training was performed once a day during the first day after surgery, followed by twice a day on the second day and three times thereafter. The duration of each training session was prolonged systematically (Table 3 ). In the study, the method of classical experiment with the use of parallel groups technique and method of direct observation were used. The person performing the examination did not know to which group the patient belonged.
We tested the efficacy of forward walking applied in group 2 and backward walking in group 1. In all groups, an observation of the postoperative hospitalization period was conducted. The 6-min test in the corridor was conducted twice, the first time before the surgery and the second time on the seventh day after the surgery. In the case of patients whose hospital stay was shorter than 7 days, the test was performed before the operation and on the day of discharge from the hospital. The test was repeated 2o times each time. The outcome consisted of an average of the results from all tests conducted during the preoperative and postoperative period.
The Surgery Department corridor, where the test was performed, was 30 meters long and particular sections were marked in order to measure the distance precisely. Before the test, in every patient with abdominal aortic aneurysm, blood pressure and heart rate were registered. The test was performed in the presence of a cardiologist. The heart number of meters × 10 6-min test: -----------1000
Energy expenditure calculation (MET units) [17] :
(mean walking speed in km/h) × 1.667 + 3.
--------------------3,5
Heart rate reserve = maximum heart rate --resting heart rate Training heart rate = resting heart rate + + 40 -80% of heart rate reserve [14] rate was calculated on the basis of the 6-min walking test results. Metabolic cost of mean walking speed were calculated and expressed in MET units according to the formula ( Fig. 1 ) [15] [16] [17] . Spirometry, the respiratory system test, aimed at evaluating the general health status of patients prepared for an elective operation, was performed with an Aspel A4 AsCard recorder. Spirometry in the patients with abdominal aortic aneurysm was performed twice, the first time before the surgery and the second time on the seventh day after the surgery. In the case of patients whose hospital stay was shorter than 7 days, the test was performed before the operation and on the day of discharge from the hospital. The test was repeated three times each time. The outcome consisted of an average of the results from all tests conducted during the preoperative and the postoperative period. The test was performed in all study groups with different physiotherapy models applied and every time it was repeated three times. Studied variables included: forced vital capacity (FVC), forced expiratory volume in one second (FEV1), peak expiratory flow (PEF), and ratio of forced expiratory volume in one second to forced vital capacity (FEV1/ FVC). The results are presented as mean and standard deviation.
Statistical analysis was done with the use of STATISTICA pack v. 12.0 (Dell Software Information Management Group). Normality of distribution was checked with the use of the KolmogorowSmirnow test. The ANOVA rank Kruskal-Wallis and Tukey's post-hoc tests were used to estimate the statistical significance of differences between the groups. For changes in time, the Wilcoxon rank-sum test was applied. Statistical significance was assumed at p < 0.05.
Results
The hospital stay period in all groups did not vary significantly and lasted on average 6 days. Distance in the corridor test reduced significantly when compared to the pre-surgery period in all groups. Statistical analysis showed that patients with backward walking had a statistically significantly lower reduction of walking distance in the corridor test when compared to the control group (p < 0.05). After the operation, a significant reduction of mean speed in the control group was noted in comparison to both the forward and backward walking groups (p < 0.05). No significant differences were noted between both experimental groups in average walking speed. Patients after abdominal aorta surgery were also characterized by a reduction of energy cost in the 6-min walking tests. A significant difference in energy cost was observed after the operation between the control group and the backward walking group. The reduction of energy cost was lower in the backward walking group. Heart rate calculated on the basis of the 6-min test was similar in all observed groups both before and after the operation. The analysis of the spirometry showed a similar lowering of all parameters, however with no significant differences between the groups (Table 2) .
Discussion
Patients with aortic abdominal aneurysm require a special pre-surgery evaluation. This consists of a detailed cardiological evaluation, surgery assessment and dedicated physiotherapy. Exercise stress tests as well as a lung function test are important elements in the pre-surgery evaluation in [18, 19] . It is well known that antithrombotic modalities and lower limb exercises, performed after abdominal surgery, facilitate venous blood return and additionally are a substitute for abdominal muscle exercises. They facilitate restoration of bowel motility, which prevents bowel bloating and improves diaphragm contractility.
Endurance exercises, applied in the form of walking that are repeated several times a day before and after surgery, reduce the risk of post-surgery complications and improve the process of post-surgery physiotherapy [6, 7] . Major vascular surgery procedures, especially those involving the abdominal aorta with the use of classic surgery approaches, have a significant influence upon lung function. After surgery, a reduction of lung ventilation parameters, heart rate disturbances, blood pressure and respiratory rate reduction have been observed. A comparative analysis of age, body mass index and coexisting diseases in patients with abdominal aortic aneurysm who underwent physiotherapy after surgery according to three different exercise models did not show statistically significant differences between the groups studied [1, [20] [21] [22] . The walking training, regardless its direction, had no significant influence on shortening the pastoperative period, which may have been related to the invasive surgery. However, backward walking, despite the short period of physiotherapy, corresponded to a significantly lower decrease of the distance covered during the corridor test in comparison to the control group. Analyzing the mean values of walking speed and energy cost, we were not able to determine which form of training is better at maintaining the level of exercise tolerance with patients qualified to this kind of surgery.
To the best of our knowledge, the present study is the first that has verified the effectiveness of backward walking training with the use of the corridor test. The papers on backward walking published so far were focused mainly on gait biomechanics and pattern of muscular activity. They were performed in walking laboratories or on treadmills [23, 24] .
In the previous studies on backward walking, heart rate, oxygen consumption, 1-minute lung ventilation respiration and lactate levels were recorded [8, 25] .
The main limitation of the study is the small population of patients participating in the trial, as the number of patients in each group did not exceed 30. The other limitation is the lack of longterm follow-up (longer than 28 days), since all patients were discharged from the hospital before day 28. A longer follow-up would facilitate measuring changes of the cardiopulmonary parameters more precisely and thereby to assess the functional status of the patients who used backward walking as their main physiotherapeutic procedure after aorta surgery.
Physical training applied to patients after major abdominal aortic aneurysm surgery influences maintaining the level of exercise tolerance to a small extent. Both backward and forward walking seem to be alternative methods when compared to classic post-surgery physiotherapy. The choice of the form of training should depend on the patients' clinical state as well as their preferences.
